squat shrimp, Thor amboinensis (de Man, 1888) . Habitat segregation has been described qualitatively for crustaceans on branching sea anemones, Lebrunia neglecta (=danae) (Duchassaing de Fonbressin and Michelotti, 1860) , at Grand Bahama, where they occurred either on substrate near the anemone (for Pederson cleaner shrimp A. pedersoni), among the anemone fronds (for sun anemone shrimp, Periclimenes rathbunae Schmitt, 1924, and squat shrimp, T. amboinensis) , or under the fronds [for spider crabs Mithrax spp. (Manning 1970) , Herrnkind et al. 1976 ]. Patterns of microhabitat utilization by crustaceans on anemones are important to understand; they reveal mechanisms of species packing via niche partitioning, which enhance levels of biodiversity (Bohnsack and Talbot 1980) .
The population structure of anemone-associated crustaceans likewise remains unknown for most species. Individuals of the cleaner shrimp, Ancylomenes pedersoni (Chace, 1958) (=Periclimenes anthophilus), occur in social groups on host anemones C. gigantea, but their social group size does not appear to correlate with host body size (Nizinski 1989) . Commensal crabs, Allopetrolisthes spinifrons (H. Milne Edwards, 1837) , that associate with clematis anemones, Phymactis clematis (Drayton in Dana, 1846) , occur as only one adult per host, with occasional recruitment of juveniles to occupied anemones (Baeza et al. 2001) . Abundances of commensal spider crabs, Inachus phalangium (Fabricius, 1775) , vary seasonally on snakelocks anemones, Anemonia sulcata (Pennant, 1777) , with crab populations growing after autumnal recruitment of juveniles (Diesel 1986) . Social groups of up to seven squat shrimp, T. amboinenesis, occur per host individual of sun anemones, S. helianthus, and mini carpet anemones, Stichodactyla tapetum (Hemprich and Ehrenberg in Ehrenberg, 1834) , with larger anemones hosting larger groups of shrimps (Baeza and Piantoni 2010) . Red snapping shrimp, Alpheus armatus Rathbun, 1901 , which consist of a species complex (Hurt et al. 2013 ), but are referred to here simply as A. armatus, occur often as mated pairs on anemones. The extent to which most species of anemoneassociated crustaceans exhibit stable vs chaotic population structure, and how frequently or consistently most of them recruit to populations, both remain unknown.
Recent high demand for ornamental Caribbean species has led to an increase in the harvest of many reef organisms, including sea anemones (Rhyne et al. 2012) and associated shrimps (Rhyne and Lin 2006) . Revenue from the sale of Caribbean sea anemones reached US$1.6 million during 1998-2012, with the reported collection of more than 2.1 million individuals from the Florida Keys alone (FWC 2013) . Overharvest in the Florida Keys threatens populations of C. gigantea, which recently were banned from commercial harvest, with the ban extended due to a 3-yr lack of population recovery (Sheridan et al. 2015) . The loss of ecologically-important sea anemones and their associates from coral reefs may create cascade effects that impact entire communities (reviewed in Cantrell et al. 2015) . When sea anemones are removed at rates that exceed their natural capacities for population recovery, anemone shrimp-operated cleaning stations decline in abundance, leading potentially to increased fish parasite loads and fish mortality, and ultimately decreases in fish abundance and diversity. Loss of these key species may result in long-lasting damage to ecosystem function on reefs (Graham et al. 2011) . Baseline data are needed concerning the abundance, population structure, and habitat use patterns of both sea anemones and their associated crustaceans to guide responsible reef management.
Major stressors affecting reef-building corals include scuba diving and snorkeling tourism (Zakai and Chadwick-Furman 2002 , Hasler and Ott 2008 , Krieger and Chadwick 2013 , but impacts of tourism on sea anemones remain largely unknown. Corallimorpharians and actiniarian anemones may dominate tropical reefs as an alternate stable state to corals in the wake of human disturbances (Chadwick-Furman and Spiegel 2000 , Kuguru et al. 2004 , Tkachenko et al. 2007 , Work et al. 2008 . Patterns of anemone abundance and population structure thus may serve as early warning signals about shifts in reef ecological state away from reef builders. Akumal Bay, Mexico, is an ideal location to examine these types of processes, because our preliminary observations indicated that it contains abundant sea anemones and is exposed to rapidly-increasing anthropogenic stress. Snorkel-based tourism to view grazing sea turtles has attracted thousands of visitors annually to Akumal (Renfro 2016) . Recent reductions in stony coral cover and disturbance to the foraging patterns of herbivorous fishes, coupled with increased nutrient pollution and abundances of reef macroalgae, indicate changes in this bay are related to intensive human use (Baker et al. 2013 , Gil et al. 2015 , Renfro 2016 . Sea anemones and crustacean associates also may be impacted by rising tourism, but remain unquantified in the bay.
Here, we characterize the abundance, population structure, and habitat use of two species of sea anemones and 10 species of associated crustaceans on coral reefs at Akumal Bay, Mexico. We also describe a field experiment that revealed a novel relationship between sun anemones and hermit crabs that cluster around their columns. We then discuss recommendations for the conservation management of these important reef invertebrates, and their use as early warning indicators of communitylevel changes on coral reefs.
Materials and Methods
Study Site.-The present study was conducted at 1-4 m depth in Akumal Bay, Mexico (20°23´39.1˝N, 87°18´49.6˝W), during May 2016. The bay contained a gradient of low to high tourist use (Gil et al. 2015 , Renfro 2016 ; it was not exploited as a collection site for the ornamental aquarium trade, and contained large enough populations of sea anemones and crustaceans for demographic analyses. Annual variation in surface seawater temperatures at Akumal Bay ranged 26. 0-30.4 °C (Hernández-Terrones et al. 2015) , similar to other coastal coral reef areas in the Yucatán region (Coronado et al. 2007) .
The northeastern area of the bay was selected for intensive sampling due to the presence of patch reefs inhabited by sea anemones, and relatively low levels of water motion that facilitated sampling via snorkeling surveys. In contrast, the southwestern bay contained relatively few patch reefs and was exposed to higher water motion; preliminary observations indicated few anemones in the latter area, so it was not sampled quantitatively. We divided the northeast bay into 15 quadrats each 100 × 100 m that extended contiguously 600 m along the shoreline and 200-300 m out toward the reef crest (Fig. 1 ). The boundaries of each quadrat were mapped by deploying meter tapes along the shore, and sighting landmarks in the water and on land to orient the quadrat corners. A gridded map of the sample area was created using the above shoreline measurements and landmarks, overlaid on a satellite image from GoogleEarth (Fig. 1) .
Sea Anemone and Crustacean Surveys.-Characteristics of sea anemones and associated crustaceans were examined within three 15 × 2-m belt transects deployed haphazardly inside each quadrat (n = 3 transects per quadrat × 15 quadrats = 45 transects total). A 10-m margin inside the edge of each quadrat was excluded from sampling to ensure that all transects were well within the quadrat boundaries. For quadrats that contained patch reefs, transects were deployed on haphazardlyselected reefs that occurred at least 10 m apart and were 15 m in length to allow for linear transect deployment. If reefs were <15 m in length, the tape was extended onto the adjacent seagrass beds or sand substrate to 15 m distance. For quadrats that did not contain patch reefs, transects were deployed inside haphazardly-selected areas of mixed seagrass beds and sand substrate. For each transect, a 15-m tape was deployed along the benthos, and a team of three snorkelers searched for all sea anemones within a belt 1 m to the left and 1 m to the right of the transect tape, with the belt width estimated using meter marks on the transect tape.
For each sea anemone observed inside the belt transects, the following information was collected: species (identified using Humann and DeLoach 2006) , type of substrate (categorized as sand, seagrass, or reef), distance to nearest neighboring conspecific (for individuals <1 m away), and linear dimensions [tentacle crown length (L) and width (W) for calculation of tentacle crown surface area (TCSA) = (L/2*W/2)*π; following Hirose 1985 , Roopin and Chadwick 2009 , O'Reilly and Chadwick 2017 . Each sea anemone also was examined carefully for the presence of crustacean symbionts, and the following information was collected for all crustaceans <10 cm distant from the anemone (maximum distance of regular associates from Caribbean sea anemones, Briones-Fourzán et al. 2012): crustacean species (identified using Colin 1978, Humann and Deloach 2006) , number of individuals per species, body size of each individual [shrimps: total length including carapace and abdomen, which correlates with carapace length (Chakravarty and Ganesh 2014) ; crabs: width of carapace, except for hermit crabs, see below], and microhabitat zone occupied on the anemone (1: under tentacle crown along the anemone column, 2: inner half of tentacle crown, 3: outer half of tentacle crown; Fig. 2 ).
Preliminary observations indicated that sun anemones, S. helianthus, occurred only in quadrats 3 and 4 ( Fig. 1) , and mostly in dense aggregations of polyps (each <10 cm distant from conspecifics, with most polyps <1 cm distant) apparently created by clonal replication (Duerden 1900 , Dunn 1981 , so for this species a different sampling regime was employed. A subset of the aggregations was selected haphazardly within the above two quadrats (10 aggregations, comprising approximately Figure 2 . Three major microhabitat zones occupied on sun anemones, Stichodactyla helianthus, by members of 10 species of associated crustaceans at Akumal Bay, Mexico. Zones are indicated by number, from the most to least sheltered from predation: (1) under tentacle crown along the anemone column, (2) inner half of tentacle crown, and (3) outer half of tentacle crown. The boundary between zones 2 and 3 is indicated by a dotted line. Major types of associated crustaceans are indicated by letters, and each is shown in the zone that it most frequently occupies: (A) red snapping shrimp, Alpheus armatus [consisting of a species complex (Hurt et al. 2013) , but referred to here as A. armatus]; (B) blue-legged hermit crab, Clibanarius tricolor; (C) banded coral shrimp, Stenopus hispidus; and (D) Mithraculus (Mithrax) spp. crabs [emerald crab, Mithraculus (Mithrax) sculptus; banded clinging crab, Mithraculus (Mithrax) cinctimanus; and paved clinging crab, Mithrax aculeatus], all in zone 1; (E) sun anemone shrimp, Periclimenes rathbunae in zone 2; and (F) scarlet striped cleaner shrimp, Lysmata grabhami, and (G) squat shrimp, Thor amboinensis, both in zone 3. Note that peppermint shrimp, Lysmata wurdemanni, also occur mainly in zone 3, but are uncommon and so not diagrammed here. See Figure 5 for the percent occurrences of major crustaceans in each zone. Diagram design by L Huebner.
80% of all aggregations present), the total number of anemones was quantified in each aggregation, and information was collected on each anemone and associated crustaceans, as described above. Preliminary observations indicated that blue-legged hermit crabs, Clibanarius tricolor (Gibbes, 1850) (common in near-shore Caribbean environments, but not previously reported as anemone associates; identified using Humann and Deloach 2006) , were clustered around the columns of the sun anemones, with each crab occupying a small gastropod shell approximately 0.3-3.0 cm in length. Due to their abundance, time constraints prevented the recording of an exact body-size measurement for each hermit crab, so they were classified as either small (<1.5 cm), medium (1.5-2.5 cm), or large (>2.5 cm) in terms of length of the gastropod shell that each occupied.
Field Experiment.-To determine if the surfaces of associated hermit crabs (including their inhabited gastropod shells) were covered with substances that prevented them from being stung by their host anemones, as known for other crustacean associates (Patton 1979 , Giese et al. 1996 , Mebs 2009 ), we conducted a field experiment. We collected hermit crabs that were clustered around anemones in an aggregation in quadrat 3 (associated crabs, n = 30), hermit crabs that were not associated with anemones, i.e., from rocks 5-15 m distant from the anemone aggregation (free-living crabs, n = 15), and small rocks of similar size as the crabs, from substrate 5-15 m distant from the anemone aggregation (rocks, n = 15). We then haphazardly selected 15 of the associated crabs and rubbed their shells with a small cloth underwater to remove any detachable surface coatings such as mucus layers (after Davenport and Norris 1958, Fautin 1991) . We thus obtained 15 replicate crabs in each of four treatment groups: (1) associated crabs, (2) cleaned crabs with their surface coatings rubbed off, (3) free-living crabs, and (4) rocks. We haphazardly selected sun anemones (n = 5) in the above aggregation from which the associated crabs had been collected, and tested the response of each anemone to contact with three replicate objects in each of the four treatment groups (5 anemones × 3 objects per anemone = 15 objects per treatment type × 4 treatment types). We applied each of the four treatments in random order to each anemone. To avoid alteration of the crab and rock surface coatings due to contact with human skin, all were handled using a zip-lock plastic bag that functioned as a glove and was changed between treatments. The behavioral response of each anemone to each object was recorded as either negative (object did not stick to anemone or elicit a behavioral response such as tentacle or oral disc contraction), or positive (object stuck to anemone tentacles, tentacles or oral disc contracted, and/or anemone moved the object toward its mouth). We waited 5 min between the application of each object to allow the anemone to re-expand if contracted. All trials were conducted in situ at 1 m water depth using the sun anemone aggregation located in quadrat 3.
Statistical Analyses.-Statistical analyses were conducted using R (R Core Team 2016, Signorell 2016) and Microsoft Excel. Non-parametric tests were used because the data did not fit normal distributional patterns or assumptions of equal variance. Variation in abundance of the anemones C. gigantea and S. helianthus among the 15 quadrats was assessed using a Kruskal-Wallis test. Variation in body size between C. gigantea and S. helianthus was analyzed using a Wilcoxon-Mann-Whitney U-test. Statistical analyses were not performed on individuals of B. annulata, because they were too rare to analyze.
For the crustaceans, variation in microhabitat use with body size was determined for T. amboinensis because enough individuals occurred in different microhabitats for this type of analysis (Wilcoxon-Mann-Whitney U-test). Variation in microhabitat use among the most common species of crustaceans (four on S. helianthus and two on rosetip anemones C. gigantea) was assessed using G tests for independence, followed by post-hoc pairwise comparisons. Variation in population size structure among the four most common crustacean species was determined also using a G test for independence, after each species was divided into small, medium, and large size classes (each consisting of an equal range of body sizes within the observed range). For analysis of the field experimental results, variation in sea anemone response to the four types of presented objects was analyzed using a G test for independence, followed by post-hoc pairwise comparisons.
Results
Sea Anemones.-Sea anemones occurred only in quadrats containing patch reefs, mostly in the center of the study site, and were absent from the seagrass beds located along the nearshore northeastern edge of the site (Fig. 1 ). Both rosetip sea anemones, C. gigantea, and sun anemones, S. helianthus, attached to hard reef substrate, sometimes in close proximity to living corals, but never on top of or contacting live coral tissue. They reached their highest abundances in the central quadrats 3, 4, 5, and 9, and in quadrat 7 near the northeastern site edge (Fig. 1) .
Individuals of C. gigantea (n = 128) were abundant as solitary polyps on patch reefs throughout the center of the site, at 0.95 (SD 1.14) individuals 10 m −2 (range = 0-3.00 individuals 10 m −2 , n = 15 quadrats; Fig. 1 ). Individuals of S. helianthus (n = 155) also were abundant in dense aggregations of up to 17.13 individuals m −2 (different unit area used due to relatively high abundances), and were limited to small rocks and patch reefs close to shore; their overall abundance throughout the bay was 1.97 (SD 5.27) individuals m −2 (range = 0-17.13 individuals m −2 ). In contrast, only four individuals of corkscrew anemones, B. annulata, were observed throughout the study site, along the edges of patch reefs at the sand interface.
The abundance of C. gigantea varied significantly among quadrats [Kruskal-Wallis (K-W) test: H = 33.04, P < 0.01; post-hoc pairwise comparison tests not performed due to lack of statistical power and loss of degrees of freedom when comparing 15 quadrats to each other]. At the scale of individual dispersion, polyps of C. gigantea exhibited a random spatial distribution, as suggested by their nearest neighbor distances ( Fig. 3) , in that most occurred ≥1 m distant from their closest conspecific neighbors.
The abundance of S. helianthus was highly clustered, leading to significant variation in abundance among the 15 quadrats (K-W test: H = 44.00, P < 0.01), with quadrats 3 and 4 containing many individuals, and the rest of the quadrats containing none (Fig. 1) . Individuals of S. helianthus thus occurred only on very shallow reef patches in the inner bay close to shore. They mostly either contacted or occurred very near conspecific neighbors (<1 cm distant; Fig. 3 ); as such, they exhibited highly clustered distributional patterns at both large and small spatial scales.
Polyps of C. gigantea were sub-circular to oval in shape, and their tentacle crown length correlated with width (L = 1.16 W, r 2 = 0.61, P < 0.01, n = 128). The population exhibited an exponential body size distribution consisting of many small individuals, fewer medium-sized individuals, and very few large ones ( Fig. 4 ). Mean body size was 130.3 cm 2 TCSA (SD 87.03 cm 2 ; range = 84.78−483.56 cm 2 ). Polyps of S. helianthus also were slightly oval in body shape (L = 1.18 W, r 2 = 0.80, P < 0.01, n = 155). Their body size was significantly smaller than in C. gigantea, at only 81.4 cm 2 TCSA (SD 37.25 cm 2 ; range = 19.63-238.76 cm 2 ; Mann-Whitney-Wilcoxon test: W = 13,090, P < 0.01), and the population also contained mostly small and medium-sized individuals (Fig. 4) . Aggregation size varied widely in S. helianthus, ranging from 2 to 47 individuals per aggregation [15.20 (SD 15.64), n = 10 aggregations]. Aggregations were irregular in outline, and some polyps were only loosely aggregated, occurring up to 10 cm distant from conspecifics.
Crustaceans.-Members of 10 crustacean species associated with the sea anemones, comprising six shrimps [squat shrimp, T. amboinensis; sun anemone shrimp, P. rathbunae; red snapping shrimp, A. armatus; scarlet striped cleaner shrimp, Lysmata grabhami (Gordon, 1935) ; peppermint shrimp, Lysmata wurdemanni (Gibbes, 1850)], and banded coral shrimp, Stenopus hispidus (Olivier, 1811), and four crabs [blue-legged hermit crab, C. tricolor; emerald crab, Mithraculus (Mithrax) sculptus (Lamarck, 1818); banded clinging crab, Mithraculus (Mithrax) cinctimanus Stimpson, 1860; and paved clinging crab, Mithrax aculeatus (Herbst, Figure 3 . Nearest neighbor distances to conspecific polyps of rosetip anemones, Condylactis gigantea, and sun anemones, Stichodactyla helianthus, at Akumal Bay, Mexico. A range of distances was included each distance class of C. gigantea, because distances were measured to the nearest cm, and encompassed large distances to the nearest neighbor in this species. In contrast, individuals of S. helianthus mostly were <10 cm apart, so their nearest neighbor distances could be indicated precisely to the nearest cm. Note that almost all individuals of S. helianthis contacted conspecifics (nearest neighbor distance = 0 cm), and that few occupied other distance categories, including 1 and 2 cm distant. The large difference in x-axis scale between the two graphs indicates the dispersed distribution of C. gigantea polyps vs the highly-aggregated distribution of S. helianthus polyps. Table 1 ]. The most abundant shrimp were T. amboinensis, occurring in social groups of up to 11 individuals per host, on both sun and rosetip anemones. Individuals of P. rathbunae also were common, mostly as solitary individuals on sun anemones (Table 1) . Members of the remaining four shrimp species occurred mostly as solitary individuals, and only on sun anemones. The most abundant crabs were C. tricolor, which clustered in large groups of up to dozens of individuals around the column of each sun anemone; 20 individuals also clustered around the base of a single C. gigantea (range = 1-35 crabs per anemone, Table 1 ). The only other abundant crab was M. sculptus, which occurred mostly as solitary individuals on sun anemones; members of the remaining two crab species were rare. In terms of patterns of anemone association with the crustaceans, sun anemones, S. helianthus, associated with all 10 crustacean species, while rosetip anemones, C. gigantea, associated with only three, and the few observed corkscrew anemones, B. annulata, contained only one crustacean species (Table 1 ). The number of crustaceans per host anemone did not vary significantly with anemone body size, in any of the four crustacean species that were abundant enough for this type of analysis (T. amboinensis on hosts C. gigantea and S. heliantus; P. rathbunae, C. tricolor, and M. sculptus on host S. helianthus, see Table 1 ; Pearson's correlation tests: r = 0.03-0.35, P = 0.06-0.88).
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Of the three crustacean species that associated with rosetip anemones, C. gigantea, only two were sufficiently common to assess patterns of microhabitat use: hermit crabs, C. tricolor (n = 20, Table 1), clustered around the base of the anemone column (zone 1), while squat shrimp, T. amboinensis (n = 51), occupied the tentacle crown (zones 2 and 3). The proportion of individuals that occupied each microhabitat zone differed significantly between the two species (G-test of independence: G = 84.43, P < 0.01, Fig. 5 ). Only one individual of the emerald crab, M. sculptus, was observed with this host anemone, and occurred in zone 1 on the anemone column. Individuals of T. amboinensis were abundant enough in zones 2 and 3 to test for significant variation in body size between these microhabitat zones; they were significantly larger [1.02 (SD 0.18) cm, range = 0.7-1.5 cm, n = 17] in the inner (zone 2) than the outer half (zone 3) of the tentacle crown [0.79 (SD 0.31) cm, range = 0.3-1.4 cm, n = 34; Mann-Whitney-Wilcoxon test: W = 419, P < 0.01].
On polyps of S. helianthus, individuals of four species of small-bodied shrimps (L. grabhami, L. wurdemanni, P. rathbunae, and T. amboinensis) occupied microhabitats mostly among the anemone tentacles, in either the inner or outer half of the tentacle crown (zones 2 and 3), while members of two species of relatively largebodied shrimps (A. armatus and S. hispidus) occurred almost exclusively along the anemone column (zone 1). All crabs on S. helianthus occupied microhabitats either along the anemone column (zone 1), or on hard substrate adjacent to the anemone. Four crustaceans were abundant enough on S. helianthus (C. tricolor, M. sculptus, P. rathbunae, and T. amboinensis; Table 1 ) to statistically analyze their patterns of microhabitat use. The proportion of individuals that occupied each microhabitat zone varied significantly among the four species (G-test of independence: G = 593.5, P < 0.01, Fig. 5 ). Individuals of C. tricolor and M. sculptus both occupied the anemone column, and did not differ significantly from each other in habitat use (post-hoc pairwise comparison: P = 1.0). In contrast, P. rathbunae and T. amboinensis both occupied the anemone tentacle crown, with the former occurring significantly more frequently in the inner crown than did the latter (P < 0.01). The body size of P. rathbunae did not vary significantly between zones (Mann-Whitney-Wilcoxon test: W = 115.5, P = 0.23). All other crustacean species did not occur abundantly enough in more than one zone to test for significant variation in their body sizes among microhabitat zones (Table 1) .
The crustaceans ranged widely in body size, with a three-fold difference in maximum body size between the largest-and smallest-bodied species (Table 1) . The largest associates were individuals of A. armatus [total length = 2.2 (SD 1.9) cm, range = 1.1-5.0 cm], while the smallest were T. amboinensis [0.7 (SD 0.3) cm, range = 0.2-1.5 cm]. Population size structure varied significantly among the four most common crustaceans (G-test of independence: G = 658.11, P < 0.01). The two crab species, which occurred almost exclusively with sun anemones (Table 1) , exhibited exponential population size structures that were dominated by many small individuals and did not differ significantly from each other (P > 0.05). In contrast, the two shrimp species, which occurred on both sun and rosetip anemones, consisted of populations that differed significantly from each other (P < 0.01), in which medium-sized individuals dominated (Fig. 6) .
Field Experiment.-Blue-legged hermit crabs, C. tricolor, were the only anemone-associated crustaceans also observed as free-living individuals on rock patches near shore (approximately 1 m depth), and thus appeared to be facultative rather than obligate associates. The field experiment revealed that almost all non-cleaned hermit crabs that were associated with the anemones (93%, n = 15 associated crabs) failed to adhere when presented to the anemone tentacles. The anemones did not appear to fire their cnidae or exhibit behavioral responses such as tentacle or oral disc Figure 6 . Population size structure (body length) of four species of common crustacean associates [squat shrimp, Thor amboinensis; sun anemone shrimp, Periclimenes rathbunae; emerald crab, Mithraculus (Mithrax) sculptus; and blue-legged hermit crab, Clibanarius tricolor) on rosetip anemones, Condylactis gigantea, and sun anemones, Stichodactyla helianthus, grouped for both hosts] at Akumal Bay, Mexico. Individuals of each crustacean species were grouped into three size classes, based on equal size ranges from minimum to maximum observed body size. For C. tricolor, high abundance prevented exact body size measurements, so the three size classes were created based on estimates of body length (<1.5, 1.6-2.4, and >2.5 cm). Species joined by horizontal lines represent population size distributions that did not differ significantly. See text for details. contraction. In contrast, when associated crabs were rubbed to remove their surface coatings, almost all adhered to anemone tentacles (93%, n = 15 cleaned crabs). Likewise, crabs that were not associated with anemones all elicited a response when presented to anemone tentacle crowns (100%, n = 15 free-living crabs). They adhered to the tentacles, which then contracted and moved the crabs toward the anemone's mouth. Small rocks that had been collected from reef areas nearby also elicited a response from anemone tentacles (93% of n = 15 rocks). The percent of non-cleaned associated crabs that elicited a sea anemone response was significantly lower than the percent of objects in all 3 other categories (G test of independence: G = 46.61, P < 0.001), which did not differ significantly from each other (post-hoc pairwise comparisons: P = 0.41-1.00).
Discussion
General Comments.-We document here that two species of Caribbean sea anemones, rosetip anemones, C. gigantea, and sun anemones, S. helianthus, and at least four species of associated crustaceans are abundant on coral reefs in Akumal Bay, partition the types of reef habitats they utilize, and exhibit exponential population size structures indicating more or less stable populations supplied potentially by high recruitment. Furthermore, the sea anemone species segregate their reef habitat use, and associated crab and shrimp species also partition their occupation of microhabitat zones on each anemone body. The strong habitat partitioning exhibited by these reef invertebrates likely allows more sea anemones to pack into the limited reef space available, and more crustaceans to coexist on the body of each anemone than would be possible otherwise. This effect occurs because similar species that segregate spatial habitats reduce interspecific competition for space, thereby allowing them to coexist in adjacent but slightly different habitat spaces (MacArthur 1958, Pacala and Roughgarden 1982) .
We also present here the first description of small hermit crabs utilizing the surfaces of sea anemone columns as microhabitat. Our field experiment demonstrates that both the hermit crabs and their gastropod shells appear to possess surface coverings that prevent them from being stung by the anemones, but only for individuals that are facultative associates of this host.
Sea Anemones.-The abundance of rosetip anemones, C. gigantea, at Akumal is similar to that observed at Puerto Morelos approximately 70 km north along the Yucatán Peninsula (Briones-Fourzán et al. 2012) , and is within the range of abundances documented for other large sea anemones on coral reefs (Chadwick and Arvedlund 2005 , Dixon et al. 2014 , O'Reilly and Chadwick 2017 . The local abundance of rosetip anemones suggests that this population may not currently be exhibiting signs of stress, and their size class distribution indicates many small individuals, which potentially are recent recruits. The wide dispersion of solitary individuals at Akumal is similar to the spatial pattern observed for this species in other areas of the Caribbean (Colin 1978 , Humann and Deloach 2006 , Silbiger and Childress 2008 and nearby in the Yucatán (Briones-Fourzán et al. 2012 , González-Muñoz et al. 2012 . The presence of large individuals also reveals that the central portions of Akumal Bay provide appropriate habitat to achieve adult size. The population size structure of C. gigantea appears to be stable, and is similar to the pattern exhibited by some stony corals (Chadwick-Firman et al. 2000 , Guzner et al. 2007 ) and sea anemones (Dixon et al. 2017, O'Reilly and , which have exponential population size distributions in other tropical reef regions.
Likewise, the observed abundance of sun anemones, S. helianthus, in dense aggregations apparently formed by clonal replication (Dunn 1981 ) on small nearshore rocks, also is similar to patterns known for other parts of the Caribbean region (Manning 1970, Silbiger and Childress 2008) , including the Mexican Caribbean (González-Muñoz et al. 2012) . The exponential body size distribution of S. helianthus is similar to that of C. gigantea, indicating a stable population with recent recruitment. Both types of anemones peaked in abundance near the middle of the study site (quadrats 3, 4, and 9) in an area of low water motion relative to the exposed southern bay and outer reef crest, possibly because they are negatively impacted by rapidlymoving water as known for some other reef anemones (O'Reilly and Chadwick 2017). Their occupation of nearshore rocky habitats rather than the outer bay, where many other reef cnidarians occur (Renfro 2016) , also allows them to further segregate habitat with stony corals, and thereby avoid competition for space, which may be intense on coral reefs (Chadwick and Morrow 2011) . Both of these species of anemones have declined severely in the Florida Keys, S. helianthus possibly due to poor water quality (Silbiger and Childress 2008) and C. gigantea at least in part from intensive collection (Sheridan et al. 2015) . Recently, the Mexican government declared Akumal Bay as a federal refuge for protected species (Renfro 2016) , prohibiting collection of fish and invertebrates for commercial purposes. However, the bay still receives nutrient pollution (Baker et al. 2013 ) that may negatively impact water quality and lead to declines in these anemones in the future.
The rare occurrence of corkscrew anemones, B. annulata, at Akumal contrasts with their high abundances in some other Caribbean reef areas (Barrios-Suárez et al. 2002 , Nelsen 2008 , O'Reilly and Chadwick 2017 , Titus et al. 2017 ), including at a site 70 km north near Puerto Morelos (Briones-Fourzán et al. 2012) . Even though the northern portion of Akumal Bay is somewhat sheltered by a reef crest along the mouth of bay, water motion levels still may be too high at this site for B. annulata, which thrives in habitats with very little water motion (O'Reilly and Chadwick 2017) . In contrast, the patch reef habitats typically occupied by this species, including reef crevices, holes, and reef-sand interface areas, are common in Akumal Bay (NE Chadwick, pers obs). As such, the presence of suitable reef hole substrate does not appear to limit the abundance of corkscrew anemones in this bay. Additional surveys are needed in other nearshore areas along the Yucatán Peninsula to determine the extent to which the regional abundance of this anemone is limited by physical and biological factors.
Crustaceans.-The present study is the first to quantify patterns of microhabitat segregation among crustaceans on sun anemones. Snapping shrimp, A. armatus, which occupied the most sheltered zone (1: along the anemone column), are large, brightly colored, and known to be obligate anemone associates that inhabit burrows in soft substrate along the columns of B. annulata (McCammon and Brooks 2014) . This is the first record of A. armatus associating with S. helianthus, possibly due to low abundances of its preferred host B. annulata. However, the low number of A. armatus observed at this site (only four individuals, Table 1 ) indicate that this new host record should be treated with caution. The three species of Mithraculus crabs were abundant, also occurred predominantly in zone 1, and exhibited a pattern similar to their known occurrence underneath the tentacle crowns of other sea anemones (Herrnkind et al. 1976 , Briones-Fourzán et al. 2012 . These facultative crab associates may occur as free-living individuals, but always in sheltered reef habitats such as under rocks (Hazlett 1979) ; they almost never venture to more exposed microhabitats on host anemone bodies (Manning 1970) . The solitary occurrence of only one individual per host is similar to the previously-described distributional pattern of Mithraculus crabs (Patton 1979) . Occupation of the inner tentacle crown of S. helianthus, mostly by sun anemone shrimp, P. rathbunae, which are obligate anemone associates, likewise has been documented in the Turks and Caicos, where this shrimp uses the same type of tentacle crown habitat on C. gigantea when S. helianthus are not abundant (Spotte et al. 1991) . Our limited field observations indicate that the facultative anemone associate, squat shrimp, T. amboinensis, may be competitively subordinate to P. rathbunae, in that it occupies the inner tentacle crown more on C. gigantea (where P. rathbunae is absent) than on S. helianthus (where the latter is present). Manipulative experiments are needed to determine the extent to which P. rathbunae actively excludes T. amboinensis from this microhabitat when they co-occur. In the absence of P. rathbunae on C. gigantea, individuals of T. amboinensis appear to compete intraspecifically for habitat space, as large individuals take over the inner tentacle crown and relegate smaller ones to the tentacle margins (AM Colombara, pers obs). This pattern is similar to that of Pederson cleaner shrimp, A. pedersoni, which are obligate anemone associates and also form social groups, in which large individuals occupy the outer tentacle crown on B. annulata and small ones are relegated to the surrounding substrate (NE Chadwick, pers obs). On Indo-Pacific coral reefs, obligate anemone fishes form similar types of social groups; adults occupy the central tentacle crown and juveniles and new recruits the outer edges (Holbrook and Schmitt 2002) . Large individuals in these types of size-structured social groups thus appear to be behaviorally dominant and to claim the most protected inner habitats on host anemones, while actively excluding small individuals from this more desirable and safer habitat (Fautin 1991, Chadwick and Arvedlund 2005) . This type of competition for optimal space on anemones leads to strong fitness consequences: associates that occur along the margins of hosts experience much higher predation than do central individuals (Holbrook and Schmitt 2002) .
An ecological consequence of microhabitat segregation by anemone exosymbionts is the packing of additional species into the space available on each host, leading to enhanced biodiversity per unit reef area, as known for crustaceans who segregate habitats on coral heads (Abele and Patton 1976, Stella et al. 2014 ). This type of partitioning also occurs among shrimp species on some Indo-Pacific sea anemones; shrimps in this region vary their microhabitat use with diel cycles of anemone contraction (Khan et al. 2004) . Habitat segregation by mobile associates on the bodies of large sessile reef hosts mirrors the patterns known for terrestrial habitats, where for example lizard species occupy different heights on tropical trees (Pacala and Roughgarden 1982) , and species of warblers partition the inner vs outer branches of temperate spruces (MacArthur 1958) .
Sun anemones, S. helianthus, contained more abundant and diverse crustacean associates than did rosetip anemones, C. gigantea, suggesting that the former anemone provides relatively better habitat for crustaceans. This may occur in part because S. helianthus are highly aggregated and crustaceans may more easily disperse among them than among the more distantly-spaced C. gigantea. This contrast in host dispersion patterns also partially explains variation in crustacean population size structure. Crustaceans that associate mostly with clustered S. helianthus presumably can locate reproductive mates more easily and produce more recruits than those associated with dispersed C. gigantea, contributing to their observed exponential size distributions.
The absence of both Pederson cleaner shrimp, A. pedersoni, and spotted cleaner shrimp, P. yucatanicus, from our study site was unexpected, given the abundance of these ecologically-important anemone shrimps at other sites in the Mexican Caribbean (Briones-Fourzán et al. 2012) . This absence may be explained in part by the rarity of their preferred host, B. annulata; however, these shrimps also occur on C. gigantea in other regions (Gwaltney and Brooks 1994, Silbiger and Childress 2008) . Pederson cleaner shrimp were observed near Akumal Bay on individuals of B. annulata at approximately 10 m depth on the outer reef slope, which each contained up to four A. pedersoni (AM Colombara, pers obs). In the apparent absence of some cleaner shrimps inside the bay, cleaner fishes such as bluehead wrasse, Thalassoma bifasciatum (Bloch, 1791), and cleaning gobies, Elacatinus spp., may provide many of the fish parasite removal services at this site (AM Colombara, pers obs). The presence of invasive lionfish, Pterois volitans (Linnaeus, 1758), in the Caribbean Sea also could relate to the absence of cleaner shrimps at our study site, because lionfish consume palaemonid shrimps (Faletti and Ellis 2014) . Lionfish have not been shown yet to clearly cause declines in Caribbean cleaner shrimp populations (Tuttle 2017) , but cleaner shrimp move closer to host anemones when lionfish are present (Ellis and Faletti 2016) .
The field experiment revealed a potentially symbiotic relationship between sun anemones, S. helianthus, and hermit crabs, C. tricolor. To our knowledge, this is the first observation of small hermit crabs clinging to the bodies of large sea anemones. In all cases reported to date, hermit crabs serve as the host in this type of association, in which they attach anemones to their mollusk shell homes, and carry them around as they forage (McLean and Mariscal 1973) . Our experiment suggests that C. tricolor may avoid being stung by anemone nematocysts due to surface coatings on their shells. This detachable surface material could consist of a layer of mucus acquired from the anemone hosts, as known for other crustaceans that associate with sea anemones (Giese et al. 1996 , Mebs 2009 ). This appears to be a facultative association, in that the hermit crabs also occur as free-living individuals on the reef, and could be an opportunistic relationship on the part of the crabs, driven locally by the abundance of aggregated sun anemones. More extensive studies of sun anemones in other reef regions are needed to determine the distributional extent and nature of this association.
Conclusions
We conclude that populations of two major species of large reef anemones appear to be stable in Akumal Bay, in that they are abundant and contain many small individuals who likely are recent recruits. Populations of some crustacean associates appear to be abundant and stable as well, with some species exhibiting more chaotic patterns of size structure indicating variability in recent recruitment. We also conclude that crustacean diversity, especially on sun anemones, is maintained in part by spatial segregation that allows these associates to utilize different areas on the anemone body. Finally, small hermit crabs appear to use the columns of aggregated sun anemones as facultative associates, protected from anemone toxins by removable coatings on their body surfaces. This unique association may allow the crabs to reach high abundances in shallow nearshore habitats, and to confer as yet unknown benefits on the host anemone as well.
Due to rapidly increasing human pressure along the southern Yucatán Peninsula (Gil et al. 2015 , Hernández-Terrones et al. 2015 , Renfro 2016 , these populations may become threatened in the near future and require active management to maintain their current stable state. The data presented here serve as baseline information against which both temporal and spatial changes may be measured and applied to resource management. Maintenance of large and stable populations of these organisms in the Yucatán is especially important because rosetip anemones, C. gigantea, are threatened in other areas of the Caribbean Sea, including the Florida Keys (Sheridan et al. 2015) . As tourism grows in this region and causes stress to reef organisms through both physical damage (Gil et al. 2015 , Renfro 2016 ) and chemical perturbation (Baker et al. 2013 , Hernández-Terrones et al. 2015 , sewage-related nutrient input may enhance sea anemone populations and cause them to outcompete stony corals, as documented on reefs elsewhere (Kuguru et al. 2004 , Chadwick and Morrow 2011 , Tkachenko and Britayev 2016 . The status of sea anemones thus may be used as an early-warning signal to predict impending reef-wide changes. No published studies have quantified the initial status of coral and sea anemone assemblages in this bay, prior to the recent intensive tourism effects. As such, it is not possible to relate the current abundances of anemones and associated crustaceans to recent declines in corals versus other possible historical or regional factors.
We recommend that the abundances and population characteristics of coral reef sea anemones and their crustacean associates be monitored regularly on reefs in relation to stony coral cover to provide a more complete picture of ecosystem dynamics than when coral cover alone is monitored. In particular, information on body size distributions can serve as early indicators of environmental impacts through revealing trends in the recruitment and growth of key reef organisms (Bak and Meesters 1998) . These important alterations may become apparent before whole-organismal mortality causes more drastic changes in abundance and percent cover, which are the usual measures included in reef monitoring programs (Gardner et al. 2003 , De'ath et al. 2012 ).
